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Distinct Role of Follicular Dendritic Cells and T Cells in the
Proliferation, Differentiation, and Apoptosis of a Centroblast
Cell Line, L3055

Jongseon Choé, Li Li,* Xin Zhang,* Christopher D. Gregory, * and Yong Sung Chof*

Germinal center (GC) B cells undergo complex interactions with follicular dendritic cells (FDC) and T cells in the course of
differentiation into memory B and plasma cells. To delineate the individual roles of FDC and T cells at each stage of GC B cell
differentiation at the clonal level and to analyze the signals involved, we adopted a unique experimental model using an FDC line,
HK, and a lymphoma cell line, L3055, that resembles centroblasts. A detailed phenotypic analysis revealed L3055 cells to be a
clonal population originating from the GC. Like freshly isolated centroblasts, L3055 cells underwent spontaneous apoptosis when
cultured in the absence of fresh FDC or HK cells. L3055 cells proliferated continuously in the presence of HK cells, while they
differentiated into a population with the phenotype of centrocytes after stimulation with CD40 ligand (CD40L) and IL-4. The
CD40L-stimulated L3055 cells underwent CD95-mediated apoptosis, which was reminiscent of the feature of CD40L-stimulated
tonsillar GC B cells. In contrast to HK cells that did not protect L3055 cells from anti-Ig killing, CD40L plus IL-2, IL-4, and IL-10
prevented anti-lg-induced apoptosis. These experimental results demonstrate a distinct function of FDC and activated T cells, in
that FDC provide signals for rapid proliferation of centroblasts, whereas T cells confer signals for differentiation of centroblasts
into centrocytes and resistance to B cell receptor-mediated apoptosis. T cells collaborate with FDC in the protection and expansion
of the Ag-specific GC B cells. The Journal of Immunology,2000, 164: 56—63.

provides a microenvironment for B cells to undergo are poorly understood, in part due to the lack of a praperitro
clonal expansion and selection before differentiating intomodel to clearly analyze the cellular and molecular interactions

memory B cells (1). The GC reaction is initiated by rapid prolif- between B cells and FDC. Furthermore, the identification of mo-
eration of few Ag-stimulated B cells in association with follicular lecular signals that induce somatic mutation and class switching
dendritic cells (FDC) (2). The mechanism for this rapid growth is has been hampered by the low viability of GC B cells under con-
largely unknown, although the low threshold for cellular activation ventional culture conditions without FDC and the polyclonality of
was suggested (3). The GC B cells exhibit features distinct fronfreshly isolated GC B cells.
those of naive or memory B cells, in that they display a unique To overcome the practical difficulty in isolating pure FDC and
pattern of Ag expression on the cell surface (4), undergo Ag reto mimic the GC reactionin vitro, we have established an FDC
ceptor-mediated apoptosis (5), and require essential survival sigine, HK, from human tonsils and used it to determine molecular
nals from FDC because disruption of FDC-B cell clusters results irand cellular requirements for GC B cells (15-19). HK cells indeed
apoptosis of B cells (6—8). This vitro observation was further have functional features of FDC in delaying apoptosis and stimu-
confirmedin vivo by demonstrating in the lymphotoximknock-  lating growth and differentiation of GC B cells. HK cells bind and
out mice that the initial interaction between FDC and B cells isprevent apoptosis of IgDCD38"CD44~ GC B cells preferen-
essential for GC formation (9, 10). T cells expressing CD40 ligandiially and have costimulatory effects on the proliferation of CD40-
(CD40L) at the same time play a pivotal role in the GC reaction,stimulated GC B cells (16, 17). However, the individual roles of
as evidenced in hyper-lgM patients (11) and in mouse models tha4K cells and CD40L in the proliferation and differentiation of GC
are deficient for CD40 (12) or CD40L (13, 14). The signals for B cells were not clearly defined, since both were required for op-

timum growth. In addition, GC B cells freshly isolated from tonsil
i ol | | ) ol ' are heterogeneous with regard to the stage of differentiation, mu-
et o ey aeem tonat oeay . 1210 frequency, and Ig class (20) and are not ideal for characer-
lege of Medicine, Chunchon, Korea; afihstitute of Cell Signaling and School of  izing the external signals operating at each stage of B cell differ-
Biomedical Sciences, University of Nottingham Medical School, Queen’s Medical entigtion in the GC. A monoclonal population of dividing cells
Centre, Nottingham, United Kingdom . .

would be devoid of such problems of freshly isolated GC B cells.
Received for publication August 4, 1999. Accepted for publication October 13, 1999. Burkitt’s lymphoma (BL) is a tumor with features of GC B cells

The costs of publication of this article were defrayed in part by the payment of pag ; i i
charges. This article must therefore be hereby masddcertisemenin accordance 9(21)’ and group I BL lines retain those featunesitro. Gregory et

T he germinal center (G€pf secondary lymphoid follicles  survival, proliferation, and differentiation of GC B cells, however,
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with 18 U.S.C. Section 1734 solely to indicate this fact. al. (22) suggested the GC origin of BL cells by demonstrating the
1 This work was supported by a Korea Research Foundation Grant made in the pr@SSociation with GC‘ B cell-specific surface markers, CD10 and
gram year of 1998 (to J.C.). CD77. The BL cells display a homogeneous cell surface phenotype

2 Address correspondence and reprint requests to Dr. Yong Sung Choi, Laboratory @nd are inclined to undergo spontaneous apoptosis unless cultured

Cellular Immunology, Alton Ochsner Medical Foundation, 1516 Jefferson Highway, \yith appropriate stromal cells (23). In the present study we have

New Orleans, LA 70121. E-mail address: ychoi@ochsner.or . : .

5 Abbrevia dinthi . Y el cent Fgc ollicular dendrit chosen an EBV-negative group | BL cell line, L3055 (24, 25), to
reviations used in this paper: GC, germinal center; , follicular dendritic . - . . .

cells; BL, Burkitt's lymphoma; CD40L, CD40 ligand; PI, propidium iodide; BCR, B investigate molecular and cellular signals for the survival, prolif-

cell receptor. eration, and differentiation of GC B cells at the clonal level. We

Copyright © 2000 by The American Association of Immunologists 0022-1767/00/$02.00
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FIGURE 1. Flow cytometric analysis of

L3055 cells reveals the phenotype of centro-"
blasts. Blank histograms represent controls cp23 LFA-1 ICAM-1 CD86
stained with isotype-matched Ab. ] ] ] ]
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show that L3055 cells express typical surface markers of centroHoffmann-La Roche (Nutley, NJ). Recombinant human IL-4 was a gift
blasts, exhibit a high propensity to undergo spontaneous apoptosi§om Schering-Plough (Union, NJ). The IL-10 was purchased from R&D
but continuously proliferate without differentiation when cocul- SYstems (Minneapolis, MN).

tured with FDC clusters or HK cells. The addition of CD40L and Isolation of FDC clusters

IL-4 induces difierentiation from centroblastic to centrocytic phe- Fresh FDC clusters were isolated as described by Bosseloir et al. (26).

notype, and L3055 cells with the latter phenotype undergo CD95xter mincing the tonsil tissue into small pieces, an enzyme mixture of
mediated apoptosis. HK cells expand the L3055 cells rescued frorgollagenase IV (2 mg/ml; Worthington, Freehold, NJ) and DNase (2 U/ml;

B cell receptor (BCR)-mediated apoptosis by CD40L and a cyto-Sigma) was used to digest the tissue three times at 37°C, 20 min each time.
; ; _ N . ; The cell suspension was separated by a Percoll density gradient with 0, 15,

lee n;llxtL'J:rgc(:lL 2(’1 ITIT 4‘|?nq II’[-hlo). 'I;:‘leset.datatj_sﬁugge?t ItmportagtSS, 50, and 60% Percoll. The interface of 15-35% was collected and

roles _or an . cells In the proliteration, dilierentiation, and \5speq, A BSA density gradient of 0, 3, and 7.5% was then used to further

selection of B cells in the GC. purify fresh FDC clusters by centrifuging at 20g for 10 min at 4°C. The

7.5% phase containing FDC clusters was collected and used in the
Materials and Methods experiments.
Cell lines Flow cytometry

The L3055 cell line was isolated from an HIV-negative 17-yr-old male of Flow cytometric analysis was conducted on a FACScan (Becton Dickin-
Arabic origin with an initial diagnosis of Burkitt-type acute lymphoblastic son) with CellQuest software as described previously (17). The computer

leukemia (24, 25). We subcloned L3055 cells by screening for the propertgoftware FACSComp calibrated the cytometer with CaliBRITE beads
of being HK dependent. L3055 cells were cultured in RPMI 1640 (Irvine (Becton Dickinson).

Scientific, Santa Ana, CA) supplemented with 10% FCS (Life Technolo-
gies, Grand Island, NY), 2 mM glutamine, 100 U/ml penicillin G, and 100 Coculture
ng/ml streptomycin (Irvine Scientific). HK cells were established and

maintained as described previously (15). HK cells irradiated with 3000 rad were prepared 1 day before L3055 cells

were added to the wells of 24-multiwell plate. Coculture was performed
Antibodies and reagents used in the study under various conditions as indicated in the figures. A cytokine mixture of
optimal concentrations of IL-2 (20 U/ml), IL-4 (100 U/ml), and IL-10 (50

FITC- or PE-conjugated anti-CD10 (W8E7), anti-CD23 (EBVCS-5), anti- ng/ml) was used throughout the experiments. Optimal concentrations of
CD23 (S5.2), anti-CD3 (SK7), anti-CD19 (4G7), anti-CD25 (2A3), anti- anti-IlgM (10 ng/ml) and anti-CD95 (100 ng/ml) were used. Viable cells
CD20 (L27), anti-CD38 (HB-7), goat anti-mouse Ig, and isotype controlswere enumerated by counting the cells with intact morphology after stain-
were purchased from Becton Dickinson (San Jose, CA). FITC-conjugatethg with trypan blue.
anti-CD44 (F10-44-2) was obtained from BioSource International (Cama- L .
rillo, CA); anti-CD86 (HA3.1F9) was obtained was from Genetics Institute Statistical analysis
(Cambridge, MA); FITC-conjugated anti-lgD (HJ9) was obtained from T
Sigma (St. Louis, MO); biotin-conjugated peanut agglutinin was obtained,
from Vector Laboratories (Burlingame, CA); FITC-labeled anti-CD95
(DX2), biotin-labeled anti-lgG (G18-145), and biotin-labeled anti-IgA Results
(G20-359) were purchased from PharMingen (San Diego, CA); FITC- or . . . . .
PE-labeled streptavidin and anti-CD95 (CH-11) were obtained from Im-L3055 is a cell line with phenotypic and functional features of
munotech (Westbrook, ME); FITC-conjugated goat anti-mouse IgM wascentroblasts

urchased from Southern Biotechnology Associates (Birmingham, AL); .
gnti-IgM (SADA4.4) was obtained fromngerican Typge Cultuge CoIIec-) To study molecular signals that operate at each stage of GC B cell
tion (Manassas, VA); the annexin V-FITC apoptosis detection kit was ob-differentiation at the clonal level, it is necessary to determine
tained from Trevigen (Gaithersburg, MD); and Transwell (@m-pore  whether L3055 cells represent centroblasts. A detailed flow cyto-
size) was purchased from Corning Costar (Cambridge, MA). Anti-CD77metric analysis revealed that L3055 cells expressed CD10, CD20,

(5B5) was provided by Dr. M. Nahm (University of Rochester, Rochester, R .
NY). Soluble human trimeric CD40L was provided by Dr. R. Armitage CD38, CD77, and peanut agglutinin binding, but not CD44 (Fig.

(Immunex, Seattle, WA) and used at 400 ng/ml, which was determined tol), extending the results reported previously (27). These are the
give optimal proliferation of GC B cells. The IL-2 was obtained from typical surface markers for GC centroblasts (18, 28). L3055 cells

he statistical significance of differences was determined using Student’s
est, andp < 0.05 was considered significantly different.
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——+HK FIGURE 3. HK cells and CD40L exhibit distinct roles in the growth of
o L3055 cells and their response to anti-lgM. L3055 cells were cultured
5 5004 under the indicated conditions in the presence or the absence of anti-IgM
E for 4 days. Recovery was calculated as a percentage of the initial number @
é of viable cells. The results from two independent experiments were pooled, S5
£ 250 and the mean and SEM are presented. §_
<k
f g
-—¢ P T T T T the optimum number of HK cells. The dependence of L3055 cells =
2 4 8 16 3 64 on HK cells for survival and growth was not ascribed to low cell ©
Number of L3055 cells x 10™/well density, because increasing the cell density did not abrogate the=
requirement of HK cells (Fig. B). The HK-dependent growth of
C L3055 cells is reminiscent of a functional feature of centroblasts =:
1000+ isolated from tonsils (16). The FDC clusters freshly isolated from g
—®—FDC tonsil were also capable of providing survival and growth signalto §
L3055 cells in a dose-dependent manner (Fig. 2C), suggesting that%
& 750 the effect of HK cells on L3055 cells indeed reflected an important g
4 functional feature of FDC. o
3 <
& S009 HK cells provide potent proliferation signals to L3055 cells é
X . . .
¢ The GC is comprised of Ag-activated T cells as well as B cellsand 9
2504 FDC (2). Because T cells participate in GC reactions by direct cell =
to cell contact and by secreting cytokines (29), we used the defined %
o signals of activated T cells, such as CD40L, IL-2, IL-4, and IL-10, =
- '

H 1250 2500 5000 10000 20000 to characterize HK cell signals in the proliferation of centroblasts. <
When cultured alone, L3055 cells did not grow, and viable cells Q
were rarely detected after a 4-day culture (Fig. 3). In contrast, HK ™
FIGURE 2. L3055 cells depend on HK cells and FDC for survival and cells supported growth remarkably, yielding a 24-fold increase in
growth. A, L3055 cells (2 10%) were cultured with different numbers of  cell recovery. CD40L and the cytokine mixture, either alone or in
HK cells, and the viable cells were counted at the indicated time pd@nts. ~ombination yielded only a 2- to 5-fold increase in the number of
Graduated numbers of L3055 cells were cultured in the presence of ﬁxegiable cells. When HK cells, CD40L and the cytokines were added
number of HK cells (1< 10°) for 3 days.C, L3055 cells (2x 10°) were together, the recovery of L3055 cells increased to 14-fold. How-

cultured for 4 days with either HK cells (& 10% or graduated numbers . o . ..
of FDC clusters. Recovery was calculated at each time point as a percen?—ver’ this value was 40% less than that obtained by the addition of

age of the initial number of viable cells. Data are presented as the mean &K cells alone, suggesting that CD40L and the cytokines inhibited
triplicate determinations and SEM. A representative of three reproducibldrowth of L3055 cells in the presence of HK cells.
results is shown. The poor recovery of L3055 cells in the absence of HK cells
may have been caused by either spontaneous apoptosis or growth
arrest. To distinguish between these possibilities, L3055 cells were
did not express surface Igs other than IgM. This phenotype reeultured for a short period (6 h) under various conditions (Fig. 4).
mained constant for-1 yr in culture, indicating that this cell line During this period of culture, the numbers of recovered cells were
did not undergo class switching to downstream isotypes. comparable under each condition. Cells were stained with FITC-
To investigate the effect of FDC on growth, L3055 cells were labeled annexin V and propidium iodide (PI) and analyzed on a
cultured in the presence and the absence of an FDC line, HKFACScan. Apoptotic cells lose membrane phospholipid asymme-
L3055 cells did not grow, and almost no viable cells were recov-try and bind annexin V on the surface, which is thought to be an
ered in the absence of HK cells. HK cells supported the growth ofarly marker of apoptosis (30). Late apoptotic cells or dead cells do
L3055 cells in a dose-dependent manner, and as shown in4ig. 2 not exclude Pl and become PlIn the absence of HK cells, 43%
their presence resulted in>a20-fold increase in cell recovery at of the L3055 cells were annexin™VPI™ and 20% became annexin

Number of FDC clusters
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FIGURE 4. L3055 cells (1x 10°) were P1 4
cultured for 6 h in thepresence or the absence

of anti-IgM under the indicated conditions.
Cultured cells were harvested and stained with
FITC-labeled annexin V and PI. Numbers rep-
resent percentages in each quadrant. These
data are representative of three reproducible B: +HK cells
experiments.
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V™ PI™ (total, 63% annexin V). The presence of HK cells re- prevent it. There was a significant recovery of L3055 cells (465%)
duced annexin V PI* cells to 17% and annexin VPI~ to 6%  when CD40L and the cytokine mixture were present. The addition
(total, 23% annexin V). The addition of the cytokine mixture of anti-lgM to this culture resulted in 60% less cell recovery
alone did not change the results significantly, but the addition 0f{175%). When HK cells were added to CD40L and the cytokine
CDA40L gave rise to results similar to those observed with HK cellsmixture, however, the cell recovery obtained in the presence of
regardless of whether the cytokines were added. AnnexiPV" anti-lgM was comparable to that in the control culture without
viable cells were 74% in the presence of HK cells and 75% in theantj-|gM (1250 vs 1400%, respectively). To detect an early sign of
presence of CDAOL plus the cytokines (tgper panel®f Fig. 4, apoptosis induced by anti-lgM, L3055 cells were cultured under
AandB). These results suggest that CDA0L and HK cells prevenyarious conditions for 6 h adescribed previously (Fig. 3), and
spontaneous apoptosis of L3055 cells. However, CD40L plus €Yy q_color analysis on a FACScan was performed. The addition of
tokines poorly supported cellular proliferation, because the cel nti-IgM in the absence of HK cells reduced annexin P~

recovery was only 20% of that with HK cells alone (Fig. 3). Theseviable cells from 36 to 24%, which occurred with a concomitant

data indicate that_ HK cells provide signals bOth. to pfeve”t SPOMhcrease in annexin V PI~ early apoptotic cells from 20 to 28%

taneous apoptosis and to support cellular proliferation, whereas_. . L .

CDA4O0L prevents spontaneous apoptosis but poorly stimulates tha o AA). This result is indicative of the early onset of anti-lgM-
P P pop poorly induced apoptosis. In contrast, CD40L plus the cytokine mixture
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th.
grow rendered L3055 cells resistant to anti-IgM killing during the 6-h
Anti-lgM-induced apoptosis of L3055 cells is prevented by culture, as addition of anti-lgM did not reduce annexin PI~
CD40L and cytokines, but not by HK cells viable cells (75 to 75%). Similar results were obtained in the pres-

In vivo administration of soluble Ags induces significant apoptosisence O_f HK Ce!S (_F'g' 8). The addition of aht"lgM decrea_lsed t_he
of B cells in the GC (31, 32), even though Ags presented by FDC2NNeXin V- PI™ viable cells (74 to 65%) with a concomitant in-
are thought to select B cells with high affinity receptors. However,C'€aS€ in annexin VPI™ early apoptotic cells (6 to 14%). These
the functional roles of BCR signal, FDC, and T cells in determin-CellS_became resistant to apoptosis in the culture containing
ing the fate of GC B cells have not been defined clearly. To ana®D40L and the cytokine mixture (82 vs 84%). Collectively, these
lyze the roles of the individual factors in Ag-induced apoptosis andesults suggest that HK cells do not prevent anti-lgM-induced ap-
selection in the GC, the effect of anti-IgM on L3055 cells was Optosis but provide growth signals to L3055 cells, while CD40L
examined under various culture conditions containing HK cells,plus the cytokine mixture blocks BCR-mediated apoptosis but
CD40L, or the cytokine mixture. poorly stimulates the growth. L3055 cells receive the resistance

No viable L3055 cells were recovered after a 4-day culture consignal from CD40L plus cytokines and the growth signal from HK
taining both anti-lgM and HK cells (Fig. 3), indicating that L3055 cells, as demonstrated in the comparable cell recoveries regardless
cells underwent anti-lgM-induced apoptosis, and HK cells did notof anti-IgM addition.
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- anti-IgM + anti-IgM
CD40L/IL-2,IL-4,11-10

13

1

FIGURE 5. L3055 cells with centrocytic as well as
centroblastic phenotype undergo BCR-mediated apo-
ptosis. L3055 cells were cultured on HK cells in the
presence (B) or the absenck) (of CD40L and the
cytokine mixture for 4 days. The cultured cells under
each condition were washed and split into three ali-
quots for an additional culture for 20 h; the first aliquot
without anti-lgM, and the second and the third with
anti-lgM. To examine the effect on BCR-mediated ap-
optosis, CD40L and the cytokine mixture were added
to the third aliquot at the time of anti-IlgM addition.
The degree of apoptosis was measured after staining
with FITC-labeled annexin V and Pl. Numbers repre-
sent percentages in each quadrant. A representative of
six experiments is shown.

PI

L Annexin V

Those cells undergoing Ag-induced apoptdsisivo (31, 32)  the changes observed with centroblasts freshly isolated from tonsil
may be GC B cells that encounter Ag in the early stage of GC(18). The activity of IL-4 was specific and unique in the transition

entrance before the encounter with Ag-activated T cells. ihe of the L3055 phenotype, because the presence or the absence o

vivo experiments did not identify whether centroblasts or centro-IL-2 or IL-10 did not affect the results (data not detailed). HK cells
cytes were sensitive to Ag-induced apoptosis. To investigate thiglid not play a critical role in the modulation of this phenotypic
question, L3055 cells were first cultured with CD40L and the cy-change (Fig. 6).

tokine mixture in the presence of HK cells for 4 days to induce To examine the function of CD95 induced by CD40L and IL-4,
differentiation and then exposed to anti-IgM for 20 h. L3055 cellsL3055 cells were precultured for 4 days with CD40L plus IL-4,

cultured without CD40L and the cytokine mixture were used as aand then anti-CD95 was added. These cells became sensitive toS

control population. Viable cells were significantly decreased inanti-CD95 and underwent apoptosis, while L3055 cells cultured
both populations by the addition of anti-IgM (78 to 14% and 76 to without CD40L and IL-4 did not (Fig. 7). These results are in line
10%; Fig. 5). L3055 cells cultured with CD40L and the cytokine with our previous report that CD40-stimulated tonsillar centro-
mixture for 7 days retained the susceptibility to anti-lgM (data notblasts are susceptible to anti-CD95-induced killing (17). The re-
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shown). Both populations were protected from anti-lgM-inducedsistance of the unstimulated L3055 cells may be due to the absencey

apoptosis when CD40L and the cytokine mixture were present abf CD95 expression (Fig. 6). Hence, the phenotypic and functional

o

the time of anti-IgM addition. These results suggest that both cenanalysis suggests that L3055 cells have the capacity to differentiate =

troblasts and centrocytes are susceptible to Ag-induced apoptosiom centroblast to centrocyte in response to CD40L and IL-4. HK
and that both populations are protected from Ag-induced apoptosisells did not affect the differentiation of L3055 cells by CD40L
by Ag-activated T cells. and IL-4.

Differentiation of L3055 cells is induced by CD40L and IL-4, _ _
but not by HK cells Discussion

The order of B cell differentiation in the GC has been well char- A BL cell line, L3055, recapitulates important features of normal
acterized by surface Ag expression and localization in tonsil (33)centroblasts. 1) L3055 cells display the phenotype of centroblasts
Centroblasts in the GC differentiate to centrocytes and then t@18); 2) they readily undergo spontaneous apoptosis, which is pre-
memory B or plasma cells. To determine the roles of the individualvented by the FDC or FDC line, HK (16); 3) spontaneous apopto-
factors directing differentiation of centroblasts, phenotypic changesis of L3055 cells is abrogated by CD40L and cytokines (36); 4)
was examined after a 4-day culture of L3055 cells under variousnti-lg induces apoptosis of L3055 cells, which is blocked by
conditions. As shown in Fig. 6, the addition of CD40L plus cyto- CD40L and the cytokine mixture (27, 37); 5) CD40L and IL-4
kines, particularly IL-4, resulted in a drastic change in the pheno4induce differentiation of L3055 cells from the centroblastic to cen-
type. The effect of CD40L or cytokines was moderate when addedrocytic phenotype (18); and 6) L3055 cells undergo CD95-medi-
alone. After stimulation with CD40L and IL-4, however, CD77, ated apoptosis following differentiation (17, 37).

the typical marker of centroblasts was down-regulated, while a For the purpose of understanding molecular signals that regulate
marker of centrocytes, CD95, was up-regulated. Consistent wittapoptosis, proliferation, and differentiation of human GC B cells,
the report that BL were CD95-negative tumors (34), L3055 cellsin vitro experiments have been conducted by using freshly isolated
did not express CD95 before stimulation. However, the addition oflGC B cells (38—40). GC B cells, which easily undergo spontane-
IL-4, but not IL-2 and IL-10, to CD40L enhanced the induction of ous apoptosis, require an essential survival signal, CD40L. How-
CD95 and CD23. CD23 is highly expressed in the light zone of theever, even in the presence of exogenous cytokines, CD40L poorly
GC (35), possibly on centrocytes. Down-regulation of CD10,supports the growth of GC B cells, rendering an extensive exper-
CD20, and CD38 was also observed in L3055 cells after culturement difficult (17). To solve this problem several laboratories,
with CD40L and IL-4 (data not shown). This result was similar to including ours, have successfully established FDC-like cell lines
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FIGURE 6. Centroblastic L3055 cells differentiate HK 1
into a population with centrocytic phenotype. L3055
cells were cultured under various conditions in the
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Medium CD40L CD40L,IL-2,1L-10 CD40L,IL-2,JL-4,IL-10

Medium A

presence or the absence of HK cells for 4 days. The
expression levels of surface markers were measured — CD77
on a flow cytometer. Blank histograms indicate con-
trols stained with isotype-matched Ab. Numbers in

dot plots represent percentages in each quadrant. The
results shown are representative of five independent

experiments.

)

Medium

HK

1 -
-
CD23 * :

T—> CDY%s

(15, 41-43). For example, the presence of an FDC cell line, HKliferation of GC B cells in the absence of T cell help. In contrast, ¢
gives rise to a5-fold increase in cell recovery relative to that in L3055 cells continue to proliferate unaccompanied by a significant g
the control culture (17). The HK cells alone do not maintain pro-phenotypic change. This observation suggests that an importantg
function of FDC is to maintain the proliferation of centroblasts in ;
the dark zone, probably in the absence of T cell help. It has re- é

me dium

CD40L/1L-2,IL-4,IL-10

for 96hr:

Control

anti-CD95

10

PI

T——» Annexin V

cently been demonstrated that the initial interactions between Ag-
activated B cells and FDC are essential for GC formation in the
absence of T cells (9, 10), suggesting that L3055 cells may have
been derived from such early activated B cells committed to form
GC. L3055 cells differentiate in response to CD40L and IL-4, in-
dicating the distinct functions of FDC and T cells in GC formation.
Centroblasts proliferate massively in the dark zone of the GC,
where T cells are rare (44). In this location, activated B cells may
stimulate maturation of FDC precursors via lymphotoxias sug-
gested previously (9, 10), and mature FDC, in turn, may provide
proliferation signals to centroblasts. The centroblasts may differ-
entiate into centrocytes when they encounter activated T cells.
FDC appear to stimulate the survival and proliferation of centro-
blasts without differentiation, while T cells trigger differentiation
of FDC-supported centroblasts. T cell-derived signals seem to
dominate over the signals from HK cells. Thus, our data clearly
delineate distinct functions of FDC and Ag-activated T cells.
Both centroblastic and centrocytic L3055 cells underwent anti-
IgM-induced apoptosis, while only the latter was sensitive to

FIGURE 7. L3055 cells with centrocyte phenotype undergo CD95-me- CD95-mediated killing. Apoptosis induced by anti-igM was effi-
diated apoptosis. L3055 cells were cultured on HK cells under the indicate@ienﬂy prevented by CD40L and HK cells. These data underscore
conditions for 4 days. The cultured cells under each condition were o complex interactions among FDC, B, T cells, and Ag in the

washed, split into two aliquots for further culture in the continuous pres-
ence or absence of CD40L and cytokines, and incubated for another 6

ﬁelection and apoptosis of GC B cells. First, the data suggest that

with anti-CD95 or control Ab. The degree of apoptosis was measured bjutoreactive B cells, which may arise by somatic mutation at the
staining cells with FITC-labeled annexin V and Pl. Numbers represenistage of massive proliferation of centroblasts (33), are eliminated
percentages in each quadrant. A representative of four experiments is shownpon the recognition of self-Ags in the microenvironment where
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cognate T cells are not available, whereas Ag-specific B cells sur-7.
vive in the environment where cognate T cells are available. These
results extend earlier observations of Holder et al. (24). Secondg,
centrocytes also undergo apoptosis upon BCR cross-linking, be-
cause the treatment with anti-IgM induces apoptosis of L3055 cells
following differentiation to centrocytes by CD40L plus IL-4. This
result is in agreement with a previous report that BCR-mediated®-
apoptosis is targeted to centrocytes (5). Although elimination of
Ag-reactive GC B cells was demonstratadivo (31, 32), whether
centroblasts or centrocytes were the target of Ag killing was not

clear. Our findings suggest that both centroblasts and centrocytgs

have the propensity to undergo BCR-mediated apoptosis upon the

recognition of Ag. However, Ag-specific centrocytes are protected2-

and expanded by signals from activated T cells and FDC, respec-
tively, as suggested by the resistance and growth of L3055 cells in

the presence of HK cells, CD40L, and the cytokine mixture.13-

Hence, our data emphasize the important function of FDC in the

expansion of the Ag-specific B cells. Third, the present data sugi4.

gest that CD95-mediated apoptosis operates in centrocytes, but not

in centroblasts. CD95-mediated apoptosis is not operational in thes.

early stage of the GC reaction to ensure massive proliferation of
centroblasts to provide a large repertoire, but it becomes opergy
tional in the elimination of Ag-nonspecific B cells in the stage of
centrocytes.

Among the cytokines produced by the GC T cells (45), the func-":

tional role of IL-4 was remarkable. The IL-4 induced differentia-
tion of centroblastic L3055 cells into cells with centrocyte pheno-

type by up-regulating CD23 and CD95 and down-regulatinglg'

CD10, CD20, CD38, and CD77. This is the direct effect of IL-4 on

L3055 cells, as the presence or the absence of HK cells does n&®-

alter the result. These data suggest that T cells play a critical role

in the differentiation of B cells in the GC by secreting IL-4 in 20.

addition to CD40L. Given the similar effects of IL-4 on L3055

cells and centroblasts freshly isolated from tonsil (18), IL-4 ap-,,

pears to be an essential cytokine for GC B cell differentiation. This

may explain why IL-4 gene-targeted mice cannot form GC (46),22-

and B cells in IL-4-transgenic mice display hyperactivity (47).

In conclusion, the data presented in this paper suggest that FDg3.

(HK) and T cells (CD40L and cytokines) have distinct roles in the
course of GC B cell differentiation. FDC provide unique signals ,,
for the survival and massive proliferation of centroblasts, while T
cells trigger the differentiation of centroblasts and eliminate Ag-
nonspecific B cells via CD95. FDC appear to cooperate with T

cells in the selection step by expanding Ag-specific B cells pre-25.

vented from undergoing BCR-mediated apoptosis. Further inves-
tigation with the L3055 cell line may help to elucidate molecular

and biochemical events of class switching and somatic mutationzeé.

Acknowledgments

We thank Dr. Jawed Alam for critical review and helpful comments on this
manuscript.

28.

References

1. Kelsoe, G. 1995. The germinal center reactiommunol. Today 16:324.
2. MacLennan, I. C. M. 1994. Germinal centefginu. Rev. Immunol. 12:117.

3. Delibrias, C. C., J. E. Floettmann, M. Rowe, and D. T. Fearon. 1997. Down-30.

regulated expression of SHP-1 in Burkitt lymphomas and germinal center B
lymphocytesJ. Exp. Med. 186:1575.

. Liu, Y. J.,, C. Barthelemy, O. de Bouteiller, C. Arpin, I.
J. Banchereau. 1995. Memory B cells from human tonsils colonize mucosal ep-

ithelium and directly present antigen to T cells by rapid up-regulation of B7-1 and 32.

B7-2. Immunity 2:239.
5. Billian, G., P. Mondiére, M. Berard, C. Bella, and T. Defrance. 1997. Antigen

receptor-induced apoptosis of human germinal center B cells is targeted to &3.

centrocytic subseEur. J. Immunol. 27:405.
6. Kosco, M. H., E. Pflugfelder, and D. Gray. 1992. Follicular dendritic cell-depen-
dent adhesion and proliferation of B cells in vitd.Immunol. 148:2331.

10.

. Kim, H.-S., X. Zhang, E. Klyushnenkova, and Y. S. Choi. 1995. Stimulation of

. Holder, M. J., H. Wang, A. E. Milner, M. Casamayor, R. Armitage,

27.

29.

Durand, and 31.

FOLLICULAR DENDRITIC CELL AND CENTROBLAST

Tew, J. G., R. M. Dilosa, G. F. Burton, M. H. Kosco, L. I. Kupp, A. Masuda, and
A. K. Szakal. 1992. Germinal centers and antibody production in bone marrow.
Immunol. Rev. 126:99.

Koopman, G., R. M. J. Keehnen, E. Lindhout, W. Newman, Y. Shimizu,
G. A. van Seventer, C. de Groot, and S. T. Pals. 1994. Adhesion through the
LFA-1 (CD11a/CD18)-ICAM-1 (CD54) and the VLA-4 (CD49d)-VCAM-1
(CD106) pathways prevents apoptosis of germinal center B ckllsnmunol.
152:3760.

Gonzalez, M., F. Mackay, J. L. Browning, M. H. Kosco-Vilbois, and R. J. Noelle.
1998. The sequential role of lymphotoxin and B cells in the development of
splenic follicles.J. Exp. Med. 187:997.

Fu, Y.-X., G. Huang, Y. Wang, and D. D. Chaplin. 1998. B lymphocytes induce
the formation of follicular dendritic cell clusters in a lymphotoxindependent
fashion.J. Exp. Med. 187:1009.

Notarangelo, L. D., M. Duse, and A. G. Ugazio. 1992. Immunodeficiency with
hyper-IgM (HIM). Immunodefic. Rev. 3:101.

Kawabe, T., T. Naka, K. Yoshida, T. Tanaka, H. Fujiwara, S. Suematsu,
N. Yoshida, T. Kishimoto, and H. Kikutani. 1994. The immune responses in
CD40-deficient mice: impaired immunoglobulin class switching and germinal
center formationimmunity 1:167.

Xu, J., T. M. Foy, J. D. Laman, E. A. Elliott, J. J. Dunn, T. J. Waldschmidt,
J. Elsemore, R. J. Noelle, and R. A. Flavell. 1994. Mice deficient for the CD40
ligand. Immunity 1:423.

Renshaw, B. R., W. C. Fanslow lll, R. J. Armitage, K. A. Campbell, D. Liggitt,
B. Wright, B. L. Davison, and C. R. Maliszewski. 1994. Humoral immune re-
sponses in CD40 ligand-deficient mick.Exp. Med. 180:1889.

Kim, H.-S., X. Zhang, and Y. S. Choi. 1994. Activation and proliferation of
follicular dendritic cell-like cells by activated T lymphocytek.Immunol. 153:
2951.

germinal center B lymphocyte proliferation by an FDC-like cell line, HKIm-
munol. 155:1101.

Choe, J., H.-S. Kim, X. Zhang, R. J. Armitage, and Y. S. Choi. 1996. Cellular and
molecular factors that regulate the differentiation and apoptosis of germinal cen-
ter B cells: anti-lg down-regulates Fas expression on CD40L-stimulated germinal
center B cells and inhibits Fas-mediated apoptakismmunol. 157:1006.

Choe, J., H.-S. Kim, R. J. Armitage, and Y. S. Choi. 1997. The functional role of
BCR stimulation and IL-4 in the generation of human memory B cells from
germinal center B cells]. Immunol. 159:3757.

Choe, J., and Y. S. Choi. 1998. IL-10 interrupts memory B cell expansion in the
germinal center by inducing differentiation into plasma cdflar. J. Immunol.
28:508.

Pascual, V., Y. J. Liu, A. Magalski, O. de Bouteiller, J. Banchereau, and
J. D. Capra. 1994. Analysis of somatic mutation in five B cell subsets of human
tonsil. J. Exp. Med. 180:329.

Gregory, C. D. 1995Control of Apoptosis in Human B Cells: Implications for
Neoplasia.Wiley-Liss, New York.

Gregory, C. D., T. Tursz, C. F. Edwards, C. Tetaud, M. Talbot, B. Caillou,
A. B. Rickinson, and M. Lipinski. 1987. Identification of a subset of normal B
cells with a Burkitt's lymphoma (BL)-like phenotypd. Immunol. 139:313.
Gregory, C. D., C. Dive, S. Henderson, C. A. Smith, G. T. Williams, J. Gordon,
and A. B. Rickinson. 1991. Activation of Epstein-Barr virus latent genes protects
human B cells from death by apoptosiéature 349:612.

M. K. Spriggs, W. C. Fanslow, I. C. M. MacLennan, C. D. Gregory, and
J. Gordon. 1993. Suppression of apoptosis in normal and neoplastic human B
lymphocytes by CD40 ligand is independent of Bcl-2 inductiuar. J. Immunol.
23:2368.

Chapman, C. J., J. X. Zhou, C. Gregory, A. B. Rickinson, and F. K. Stevenson.
1996. \}, and V_ gene analysis in sporadic Burkitt's lymphoma shows somatic
hypermutation, intraclonal heterogeneity, and a role for antigen sele&iood
88:3562.

Bosseloir, A., F. Bouzahzah, T. H. Defrance, E. Heinen, L. J. Simar. 1996. The
influence of follicular dendritic cells on B-cell proliferation depends on the ac-
tivation of B cells and the mitogens usesicand. J. Immunol. 43:23.

Baker, M. P., A. G. Eliopoulos, L. S. Young, R. J. Armitage, C. D. Gregory, and
J. Gordon. 1998. Prolonged phenotypic, functional, and molecular change in
group | Burkitt lymphoma cells on short-term exposure to CD40 ligdidod
92:2830.

Lagresle, C., C. Bella, and T. Defrance. 1993. Phenotypic and functional heter-
ogeneity of the IgD- B cell compartment: identification of two major tonsillar B
cell subsetsInt. Immunol. 5:1259.

Han, S., K. Hathcock, B. Zheng, T. B. Kepler, R. Hodes, and G. Kelsoe. 1995.
Cellular interaction in germinal centerd. Immunol. 155:556.

Griffith, T. S., T. Brunner, S. M. Fletcher, D. R. Green, and T. A. Ferguson. 1995.
Fas ligand-induced apoptosis as a mechanism of immune privisagence 270:
1189.

Shokat, K. M., and C. C. Goodnow. 1995. Antigen-induced B-cell death and
elimination during germinal-centre immune respondésture 375:334.

Pulendran, B., G. Kannourakis, S. Nouri, K.G. C. Smith, and G. J. V. Nossal.
1995. Soluble antigen can cause enhanced apoptosis of germinal-centre B cells.
Nature 375:331.

Liu, Y.-J.,, C. Arpin, O. de Bouteiller, C. Guret, J. Banchereau,
H. Martinez-Valdez, and S. Lebecque. 1996. Sequential triggering of apoptosis,
somatic mutation and isotype switch during germinal center develop®emtin.
Immunol. 8:169.

2202 ‘YT Yoe N uo 1s9nb Aq /6.0 jounwiw i [-mamm//:diy wioJ papeojumoq


http://www.jimmunol.org/

The Journal of Immunology

34. Moller, P., C. Henne, F. Leithauser, A. Eichelmann, A. Schmidt, S. Bruderlein,41.

35.

36.

37.

38.

39.

40.

J. Dhein, and P. H. Krammer. 1993. Coregulation of the APO-1 antigen with
intercellular adhesion molecule-1 (CD54) in tonsillar B cells and coordinate ex-
pression in follicular center B cells and in follicle center and mediastinal B-cell
lymphomas Blood 81:2067.

Hardie, D. L., G. D. Johnson, M. Khan, and I. C. M. MacLennan. 1993. Quan-
titative analysis of molecules which distinguish functional compartments within
germinal centersEur. J. Immunol. 23:997.

Liu, Y.-J., D. Y. Mason, G. D. Johnson, S. Abbot, C. D. Gregory, D. L. Hardie,

42.

63

Tsunoda, R., M. Nakayama, K. Onozaki, E. Heinen, N. Cormann,
C. Kinet-Denoel, and M. Kojima. 1990. Isolation and long-term cultivation of
human tonsil follicular dendritic cell8/irchows Arch. B Cell Pathol. 59:95.
Clark, E. A., K. H. Grabstein, and G. L. Shu. 1992. Cultured human follicular
dendritic cells: growth characteristics and interactions with B lymphocytés-
munol. 148:3327.

43. Lindhout, E., A. Lakeman, M. L. C. M. Mevissen, and C. de Groot. 1994. Func-

J. Gordon and I. C. M. MacLennan. 1991. Germinal center cells express bcl-2

protein after activation by signals which prevent their entry into apopt&sis.
J. Immunol. 21:1905.
Galibert, L., N. Burdin, C. Barfhemy, G. Meffre, I. Durand, E. Garcia,

a4,

P. Garrone, F. Rousset, J. Banchereau, and Y.-J. Liu. 1996. Negative selection of

human germinal center B cells by prolonged BCR cross-linkihg=xp. Med.
183:2075.

Lagresle, C., C. Bella, P. . Daniel, P. H. Krammer, and T. Defrance. 1995. Reg
ulation of germlnal center B cell differentiatiod. Immunol. 154:5746.

Arpin, C., J. Dechanet, C. van Kooten, P. Merville, G. Grouard, F. Briere,

45,

tionally active Epstein-Barr virus-transformed follicular dendritic cell-like cell
lines.J. Exp. Med. 179:1173.

Casamayor-Palleja, M., M. Khan, and I. C. M. MacLennan. 1995. A subset of
CD4" memory T cells contains preformed CD40 ligand that is rapidly but tran-
siently expressed on their surface after activation through the T cell receptor
complex.J. Exp. Med. 181:1293.

Butch, A. W., G.-H. Chung, J. W. Hoffman, and M. H. Nahm. 1993. Cytokine
expression by germinal center cells.Immunol. 150:39.

46. Vajdy, M., M. H. Kosco-Vilbois, M. Kopf, G. K&hler, and N. Lycke. 1995.

J. Banchereau, and Y.-J. Liu. 1995. Generation of memory B cells and plasma

cells in vitro. Science 268:720.
Choi, Y. S. 1997. Differentiation and apoptosis of human germinal center B-
lymphocytesImmunol. Res. 16:161.

47.

Impaired mucosal immune responses in interleukin 4-targeted thigep. Med.
181:41.

Erb, K. J., B. Ruger, M. von Brevern, B. Ryffel, A. Schimpl, and K. Rivett. 1997.
Constitutive expression of interleukin (IL)-4 in vivo causes autoimmune-type
disorders in miceJ. Exp. Med. 185:329.

2202 ‘YT Yoe N uo 1s9nb Aq /6.0 jounwiw i [-mamm//:diy wioJ papeojumoq


http://www.jimmunol.org/

